S moldering multiple myeloma is a plasma-cell proliferative disorder characterized by a monoclonal component of at least 3 g per deciliter, a level of plasma-cell infiltration into bone marrow of at least 10%, or both features. 1 Currently, patients with smoldering myeloma are not treated until symptomatic disease develops. 2 In the past, few drugs were effective against myeloma, and the available treatments, mainly alkylating agents, led to concerns about long-term toxicity. Attempts at early intervention with alkylating agents, [3] [4] [5] bisphosphonates, [6] [7] [8] antagonists of the receptor of interleukin-1β, 9 or thalidomide [10] [11] [12] [13] failed to show a significant benefit.
Although the risk of progression to active disease among patients with smoldering multiple myeloma is low (10% annually), 2 a subgroup of high-risk patients for whom the probability of progression to active disease in the first 2 years after diagnosis exceeds 50% has been identified. 2, [14] [15] [16] [17] [18] [19] [20] [21] [22] This high-risk subgroup, which represents approximately 40% of all patients with smoldering myeloma, 2,14 is a target population for the investigation of early therapeutic interventions. Given that these patients are asymptomatic and would otherwise not receive treatment, the ideal early therapy should have limited toxicity. We conducted a phase 3, randomized trial comparing early treatment (induction therapy with lenalidomide [Revlimid, Celgene] and dexamethasone, followed by maintenance therapy with lenalidomide) with observation in patients with highrisk smoldering myeloma.
ME THODS

PATIENTS
We included patients who had received a diagnosis of smoldering multiple myeloma within the previous 5 years and who were at high risk for progression to symptomatic disease. High-risk disease was defined as plasma-cell bone marrow infiltration of at least 10% and a monoclonal component (defined as an IgG level of ≥3 g per deciliter, an IgA level of ≥2 g per deciliter, or a urinary Bence Jones protein level of >1 g per 24 hours) or only one of the two criteria described above, plus at least 95% phenotypically aberrant plasma cells in the bone marrow plasma-cell compartment, with reductions in one or two uninvolved immunoglobulins of more than 25%, as compared with normal values. Patients with hypercalcemia, bone lesions, renal failure (creatinine level, ≥2 mg per deciliter [180 μmol per liter]), or anemia (hemoglobin, <10 g per deciliter or 2 g per deciliter below the lower limit of the normal range) were excluded.
All patients provided written informed consent. The review board at each participating institution approved the study, which was conducted according to the Declaration of Helsinki and the International Conference on Harmonisation Guidelines for Good Clinical Practice. Data were monitored by an external contract research organization, and an independent data monitoring committee (see the Supplementary Appendix, available with the full text of this article at NEJM.org) confirmed that all patients included in the study were at high risk for progression to symptomatic disease.
STUDY DESIGN AND TREATMENT
This was an open-label, randomized, phase 3 study conducted at 19 centers in Spain and at 3 centers in Portugal. Patients were recruited from November 2007 through June 2010 and were randomly assigned, in a 1:1 ratio, to early treatment or observation.
Patients in the treatment group received induction therapy comprising nine 4-week cycles of lenalidomide (at a daily dose of 25 mg on days 1 to 21, followed by a 1-week rest period) and dexamethasone (at a daily dose of 20 mg on days 1 to 4 and days 12 to 15). Induction therapy was followed by maintenance therapy with lenalidomide (at a daily dose of 10 mg on days 1 to 21 of each 28-day cycle). Maintenance therapy was initially given until disease progression, but a protocol amendment limited the total duration of treatment (induction plus maintenance) to 2 years, and dexamethasone was added (at a daily dose of 20 mg on days 1 to 4 of each cycle) for patients in whom asymptomatic biologic progression occurred during the maintenance phase (defined as an increase of >25% in the monoclonal component as compared with the lowest value recorded during treatment, with no symptoms). Patients in the observation group received no treatment until progression to symptomatic disease.
Patients were stratified according to the time from the diagnosis of smoldering multiple myeloma to study enrollment (≤6 months vs. >6 months). Treatment was discontinued on withdrawal of pa-tient consent, progression to symptomatic disease, or the occurrence of unacceptable toxic effects.
The study was designed by the Spanish Myeloma Group (PETHEMA/GEM), which sponsored the trial with an unrestricted grant from Celgene. The sponsor collected the data and performed the final analysis in collaboration with the first and last authors, who vouch for the accuracy and completeness of the data reported and the adherence of the study to the protocol. The first and last authors wrote the first draft of the manuscript, and they, in agreement with all the investigators participating in the trial, made the decision to submit the manuscript for publication. A medical writer provided editorial support, which was funded by Celgene. All authors had full access to the data and reviewed and approved the manuscript before submission. The protocol, including the statistical analysis plan, is available at NEJM.org.
END POINTS AND ASSESSMENTS
The primary end point was time to progression to symptomatic disease. Secondary end points were response rate, overall survival, and safety. Time to progression to symptomatic myeloma was measured from the date of randomization to the date of the first assessment showing symptomatic disease, which was defined as the development of any of the following: hypercalcemia ( In the treatment group, blood counts, biochemical analysis (including creatinine and calcium levels), and physical examinations were performed on days 1 and 15 of cycles 1 and 2, and on day 1 of each cycle (monthly) thereafter. In the observation group, these tests were performed every 4 weeks. Serum and urinary levels of the monoclonal component were assessed monthly in both groups until study discontinuation. A skeletal survey was performed during the screening phase and was repeated thereafter only if clinical symptoms emerged. Safety was evaluated monthly until 30 days after the administration of the last dose of the study drug in the treatment group and until discontinuation of the study in the observation group.
STATISTICAL ANALYSIS
We calculated that a sample of 120 patients (60 patients per group) would provide 80% power to detect a hazard ratio of 0.54 for time to progression to symptomatic myeloma in the treatment group as compared with the observation group. A one-sided test was used to estimate the sample size on the basis of the primary end point because only the effect in the expected direction (the superiority of treatment) was to be tested. All efficacy analyses were based on the per-protocol population, which was restricted to the patients who fulfilled the eligibility criteria, but safety evaluations were based on the intention-to-treat population. Time to progression to symptomatic myeloma and overall survival were estimated with the use of Kaplan-Meier methods, and significance was determined with the use of a twosided log-rank test.
R E SULT S
PATIENTS AND TREATMENT
Between November 8, 2007 , and June 9, 2010, a total of 125 patients underwent randomization (6 patients were excluded because they did not meet the criteria of smoldering multiple myeloma at high risk for progression); 57 patients were assigned to treatment with lenalidomide and dexamethasone, and 62 were assigned to observation (Fig. 1) . Baseline demographic and disease characteristics were well balanced between the two groups ( Table 1) .
EFFICACY
The cutoff date for the final analysis was October 15, 2012. The median follow-up was 40 months (range, 27 to 57). The median time to progression to symptomatic disease was not reached in the A total of 125 patients underwent randomization (6 patients were excluded because they did not meet the criteria of smoldering multiple myeloma at high risk for progression); 57 patients were assigned to treatment with lenalidomide and dexamethasone, and 62 were assigned to observation. During maintenance therapy, 24 patients had biologic progression, and low-dose dexamethasone was added (according to the protocol amendment) to the therapy in 18 patients. With a median followup of 26 months (range, 4 to 40), 3 patients had a partial response, 11 had stable disease without symptoms, and symptomatic myeloma developed in 4. One patient had progression after 12 months of stable disease. Of the 6 patients who did not receive dexamethasone at the time of biologic progression, symptomatic myeloma developed in 4.
In the intention-to-treat analysis of the treatment group, during the induction period, 45 patients (79%) had at least a partial response, including 4 (7%) with a stringent complete response, 4 other patients (7%) with a complete response, and 6 (11%) with a very good partial response (Table 2 ). A total of 50 patients (88%) completed the 9 planned cycles of induction therapy and received maintenance therapy with lenalidomide. After a median of 15 cycles of maintenance therapy (range, 2 to 41), improvement in the quality of the response was seen in 12 of these patients (24%): 2 patients with a complete response had an improvement to a stringent complete response (defined as a normal free light-chain ratio and an absence of clonal cells in bone marrow), 1 patient with a very good partial response had an improvement to a complete response, 7 patients with a partial response had an improvement to either a very good partial response (in 3 patients) or a complete response (in 4), and 2 patients with stable disease had an improvement to a partial response and a very good partial response. The overall response rate was 90%. A total of 35 patients (70%) completed maintenance therapy.
SURVIVAL
As of October 15, 2012, a total of 4 of the 57 patients in the treatment group (7%) and 13 of the 62 patients in the observation group (21%) had died; the median overall survival was not reached in either group. The proportion of patients who were alive 3 years after study entry was 94% in the treatment group as compared with 80% in the observation group (hazard ratio for death, 0.31; 95% CI, 0.10 to 0.91; P = 0.03) (Fig. 2B) . Assessment of overall survival from the time of the diagnosis of smoldering myeloma, with a median follow-up of 46 months, also indicated significant improvement with early intervention (survival rate at 5 years, 94% in the treatment group vs. 78% in the observation group; hazard ratio for death, 0.28; 95% CI, 0.09 to 0.91; P = 0.02) (Fig. 2C) .
The time between diagnosis and study entry (≤6 months vs. >6 months) did not influence the time to progression to symptomatic disease (Fig. S1 in the Supplementary Appendix).
SAFETY
All patients who underwent randomization were evaluated for adverse events (Table 3) . One patient in the treatment group had a grade 5 adverse event (respiratory infection). Grade 3 events during induction therapy were uncommon; the most frequently reported grade 3 events were infection (in 6% of patients), asthenia (in 6%), neutropenia (in 5%), and rash (in 3%). Grade 2 neutropenia occurred in eight patients (13%). Rashes occurred in 32% of patients, but most cases (19%) were grade 1. Three patients (5%) had grade 1 or 2 deep-vein thrombosis: one patient was receiving aspirin (at a dose of 100 mg per day), the second patient was receiving oral anticoagulation therapy but had a low international normalized ratio, and the third was not receiving any prophylaxis. Grade 1 or 2 infection occurred in 40% of the patients in the treatment group, but most cases (31%) were grade 1, and the incidence did not differ significantly from that in the observation group (22%). Grade 1 or 2 asthenia was reported in 18% and 10% of the patients in the treatment and observation groups, respectively. Although diarrhea or constipation of grade 1 (in 21% of the patients) or 2 (in 16%) was more common in the treatment group than in the observation group, 5% of the patients in the observation group also had these gastrointestinal adverse events. During induction therapy, 10 patients required reductions in the daily dose of lenalidomide from 25 mg to 15 mg, owing to grade 3 events. A total of 6 patients required reductions in the dose of dexamethasone to 20 mg administered on days 1 through 4. 
444
The rate of serious adverse events during induction therapy was higher in the treatment group than in the observation group (12% vs. 3%). Four patients in the treatment group and one in the observation group had infection resulting in serious adverse events. In the treatment group, one patient died from a grade 5 respiratory infection, four patients discontinued the study medications owing to treatment-related adverse events (related to dexamethasone in three of the patients), and six patients withdrew informed consent. In the observation group, two patients withdrew informed consent.
The incidence of adverse events was lower during maintenance therapy than during induction therapy (Table 3 ). The rate of grade 1 and 2 infections was 18% in the treatment group; most cases (12%) were grade 1. The incidence of grade 1 and 2 infections in the observation group was 8%. No dose reductions were needed during maintenance therapy.
Second primary tumors were reported in 4 of the 62 patients in the treatment group (6%) and in 1 of the 63 patients in the observation group (2%). The cumulative risk of a second primary tumor at 5 years was 20% and 25% in the treatment and observation groups, respectively (P = 0.42) (Fig. S2 in the Supplementary Appendix). Hematologic cancers included polycythemia vera (in 1 patient in the treatment group) and a myelodysplastic syndrome (in 1 patient in the observation group). In the patient with polycythemia vera, a JAK2 mutation was present in samples obtained at study entry. Breast cancer developed in 1 patient in the treatment group, and prostate cancer in 2 patients in the treatment group, both of whom had a history of prostate hyperplasia with an elevated level of prostate-specific antigen and were under the care of a urologist.
A total of 4 deaths occurred in the treatment group: 1 due to a treatment-related toxic effect (grade 5 respiratory infection, as discussed earlier), 1 due to surgical complications of knee replacement that was unrelated to myeloma or its treatment, and 2 as a result of progression to symptomatic disease (in one patient) or toxic effects after progression (in one). All 13 deaths in the observation group occurred after progression to symptomatic myeloma; the cause of death was disease progression (in nine patients), treatment-related adverse events (in three), and sudden death (in one) (Table S1 in the Supplementary Appendix).
DISCUSSION
This phase 3 study evaluated treatment in patients with high-risk smoldering multiple myeloma. Lenalidomide-based treatment was associated with a significant delay in progression to symptomatic myeloma; 3 years after study entry, 77% of the patients in the treatment group vs. 30% of those in the observation group had progression-free survival (hazard ratio for progression, 0.18; P<0.001). This delay translated into a significant overall survival benefit; the proportion of patients who were alive at 3 years was 94% in the treatment group versus 80% in the observation group (hazard ratio for death, 0.31; 95% CI, 0.10 to 0.91; P = 0.03).
Several trials have failed to show a benefit with early intervention, and observation is the established standard of care for patients with smoldering myeloma. Three small studies in which treatment with melphalan and prednisone was compared with observation showed no significant improvement in time to progression or overall survival with the combination treatment. [3] [4] [5] The findings in trials evaluating bisphosphonates indicated that although these agents may reduce (21) 5 (10) * In the observation group, the 47 patients who had progression to symptomatic disease had a median increase in the monoclonal-component level of 6.45 g per liter (range, 0.0 to 54.5). In 4 of these patients (9%), the monoclonal-component level had doubled by the time they had progression to symptomatic disease. † Response was assessed according to the International Uniform Response
Criteria for Multiple Myeloma (see the Supplementary Appendix).
23 Patients who had a stringent complete response were considered to also have had a complete response, and those with a very good partial response were considered to also have had a partial response. ‡ Seven patients did not receive maintenance therapy owing to withdrawal of informed consent (four patients), grade 4 pneumonia (one), dexamethasonerelated delirium (one), and the investigator's decision (one).
The the rate of skeletal-related events, they do not have activity in smoldering myeloma. [6] [7] [8] In nonrandomized, phase 2 trials evaluating thalidomide-based treatment, response rates among patients with smoldering multiple myeloma were relatively low (approximately 30%), and the high rates of discontinuation due to adverse events (mainly neuropathy) were troubling. [10] [11] [12] Recently, a randomized study comparing combination therapy consisting of thalidomide and zoledronic acid with zoledronic acid alone in patients with smoldering myeloma showed a response rate of 37% in the combination-therapy group as compared with 0% in the monotherapy group, with no significant delay in the time to progression to symptomatic myeloma (P = 0.24). 13 It should be noted, however, that none of these trials selected patients with smoldering myeloma who were at high risk for progression. The response rates in our study (79% after induction therapy, increasing to 90% after maintenance therapy) are higher than those reported for thalidomide (approximately 30%) in an unselected population of patients with smoldering multiple myeloma, suggesting that high-risk patients should be targeted for early intervention. The toxicity of this oral regimen was moderate, and the frequency of adverse events was lower than that reported in previous trials of lenalidomide and dexamethasone in patients with symptomatic myeloma. [25] [26] [27] [28] Infections were the most common nonhematologic adverse events, but they were mainly grade 1 and 2 in severity, and the incidence was not significantly different from that in the observation group. Few adverse events were reported during maintenance therapy; 88% of the patients completed induction therapy and 70% completed maintenance therapy as planned (Fig. 1) . The incidence of second primary tumors was low and, in three of the four cases, early signs of the tumor were already present at study entry. At the time of the writing of this article, one additional patient in the treatment group had received a diagnosis of concomitant incidental prostate cancer (confirmed by a preplanned biopsy 6 weeks after randomization). Future studies should address the effect of early treatment on the quality of life, which we did not assess in this trial. Our results suggest that induction therapy with lenalidomide and dexamethasone to reduce the tumor burden, followed by maintenance therapy with low-dose lenalidomide, is an effective treatment approach. Our study allowed for the addition of a low-dose glucocorticoid at the time of biologic progression, which appeared to provide disease control in some patients. One limitation of the study was that patients received treatment off-protocol at the time of disease progression to symptomatic myeloma. It would have been informative to examine early treatment with lenalidomide and dexamethasone versus treatment with lenalidomide and dexamethasone that was deferred until the time of progression. However, the combination of lena lid omide and dexamethasone is not an approved first-line regimen for newly diagnosed multiple myeloma, and most patients in this study (81%) were treated with either bortezomib-based regimens (53% of patients) or induction therapy followed by autologous stem-cell transplantation (28%) at the time of progression.
In addition, although the cases of myeloma in our patient population should probably be classified as early myeloma, this classification could be refined by identifying cases with more than an 80% probability of disease progression within 2 years. 29 There is currently no consensus regarding the definition of high-risk smoldering myeloma; therefore, in the current study, we used the criteria defined by Kyle et al. 2 together with criteria defined by our group. 14 Both sets of criteria were internally validated in each series and identified patients with smoldering myeloma who had progression to symptomatic disease within approximately 2 years after diagnosis. Recently, other factors predicting early progression to symptomatic disease have been proposed, 16, 22, 29 and together, these findings will probably contribute to the redefinition of highrisk smoldering myeloma in the near future.
Several trials have been initiated to test early intervention in high-risk patients with smoldering multiple myeloma. The agents being evaluated in these trials are lenalidomide, siltuximab (antiinterleukin-6 monoclonal antibody), ixazomib (a proteasome inhibitor), and elotuzumab (anti-CS1 monoclonal antibody). The results will help establish effective approaches to early intervention for patients with high-risk smoldering myeloma.
In conclusion, this randomized, phase 3 trial showed that early treatment with lenalidomide and dexamethasone, followed by maintenance therapy with lenalidomide, in patients with high-risk smoldering multiple myeloma significantly delayed the time to progression to symptomatic disease and resulted in an overall survival benefit. The orally administered treatment regimen was associated with an acceptable toxicity profile.
